Abstract Neurofeedback (NF) could help to improve attentional and self-management capabilities in children with attention-deficit/hyperactivity disorder (ADHD). In a randomised controlled trial, NF training was found to be superior to a computerised attention skills training (AST) (Gevensleben et al. in J Child Psychol Psychiatry 50 (7): [780][781][782][783][784][785][786][787][788][789] 2009). In the present paper, treatment effects at 6-month follow-up were studied. 94 children with ADHD, aged 8-12 years, completed either 36 sessions of NF training (n = 59) or a computerised AST (n = 35). Pretraining, post-training and follow-up assessment encompassed several behaviour rating scales (e.g., the German ADHD rating scale, FBB-HKS) completed by parents. Follow-up information was analysed in 61 children (ca. 65%) on a per-protocol basis. 17 children (of 33 dropouts) had started a medication after the end of the training or early in the follow-up period. Improvements in the NF group (n = 38) at follow-up were superior to those of the control group (n = 23) and comparable to the effects at the end of the training. For the FBB-HKS total score (primary outcome measure), a medium effect size of 0.71 was obtained at follow-up. A reduction of at least 25% in the primary outcome measure (responder criterion) was observed in 50% of the children in the NF group. In conclusion, behavioural improvements induced by NF training in children with ADHD were maintained at a 6-month follow-up. Though treatment effects appear to be limited, the results confirm the notion that NF is a clinically efficacious module in the treatment of children with ADHD.
Introduction
For attention-deficit/hyperactivity disorder (ADHD), European guidelines recommend a multimodal treatment tailored to the requirements of the child [29] . Medication (first-line treatment: methylphenidate), cognitive-behaviour therapy and parental training have proven to be effective [22, 31] . But there is still a need for further effective treatment strategies in improving attentional and self-management capabilities in children with ADHD, especially concerning long-term effects [20, 23] . Recent neurofeedback (NF) studies obtained encouraging results and raise the hope of closing the gap in providing children strategies for better self-regulation and -management [9, 12, 28] .
NF aims at acquiring self-control over certain brain activity patterns, deriving self-regulation strategies, and implementing these self-regulation skills in daily life.
Two training protocols-theta/beta training and training of slow cortical potentials (SCPs)-are typically used for children with ADHD [15] .
In theta/beta training, children learn to reduce activity in the theta band of the EEG (4) (5) (6) (7) (8) and to increase activity in the beta band (13) (14) (15) (16) (17) (18) (19) (20) . In the resting EEG, increased slow wave (theta) activity and/or reduced relative alpha (8) (9) (10) (11) (12) (13) and beta activity was reported in several studies on children with ADHD (for review, see [2, 3] ). Thus, theta/ beta training may address an underlying neuronal dysfunction. On the other hand, NF may simply be seen as a tool for enhancing specific cognitive or attentional states (an alert and focused but relaxed state in theta/beta training), irrespective of supposed neurophysiological deviations [15] .
SCPs are changes of cortical electrical activity lasting from several hundred milliseconds to several seconds. They are thought to represent task-dependent short-term mobilisations of cortical processing resources. While negative SCPs reflect increased excitation (e.g., during states of behavioural or cognitive preparation), positive SCPs indicate reduction of cortical excitation of the underlying neural networks (e.g., during behavioural inhibition) [4] .
The contingent negative variation (CNV) is an SCP that reflects anticipation and/or preparation [18] . It is, for example, elicited in cue trials of a continuous performance test. In event-related potential studies, the CNV was found to be reduced in children with ADHD (for review, see [2] ). Training of SCPs leads to an increase of the CNV [14] . Thus, SCP training, in which surface-negative and surfacepositive SCPs have to be generated over the sensorimotor cortex, could help children with ADHD to improve their assumed dysfunctional regulation of energetical resources [26] .
In the last decade, several NF studies in children with ADHD have been published which manage to overcome the methodological shortcomings of earlier studies [9, 10, 14, 21, 28] . In all of these studies, positive behavioural, cognitive and/or neurophysiological effects were described. Our group conducted a randomised controlled trial encompassing 102 children with ADHD. In this trial, behavioural and neurophysiological effects of NF, which included one training block of theta/beta training and one block of SCP training, were analysed in comparison to a computerised attention skills training (AST) [12, 13, 32] . According to parent and teacher ratings, children of the NF group showed larger behavioural improvements than those of the control group (medium effect size of 0.6 for the primary outcome measure, total score of the German ADHD rating scale, FBB-HKS [7] ). Due to comparable settings and demands for NF and the control training, superiority of NF was first and foremost ascribed to specific factors. A tendency for larger improvements was observed if theta/beta training preceded SCP training [12] .
At the neurophysiological level (resting EEG, eventrelated potentials), specific associations with behavioural improvements could be revealed for theta/beta and SCP training (e.g., association between decrease of theta activity and reduction of ADHD symptomatology) [13, 32] . These neurophysiological effects contribute to a better understanding of the mechanisms underlying a successful training and indicate specificity of NF training effects.
Both behavioural and neurophysiological findings of our trial indicate that NF may be considered as a clinically efficacious module in the treatment of children with ADHD.
One of the questions which has not been studied under controlled conditions is whether NF training effects remain stable after completing the training. Leins et al. [17] reported that children with ADHD, who had participated in either a theta/beta training or an SCP training, were able to learn cortical self-regulation accompanied by significant improvements in behaviour and cognition. These effects remained constant after 6 months. For a subgroup of 23 (from initially 47) children, 2-year follow-up data could also be assessed [11] . Neuroregulation skills were still preserved. Behavioural and cognitive effects were reported to be stable or even further enhanced. However, due to the lack of a control group, the effects cannot be differentiated from the natural course.
This paper reports follow-up behavioural data assessed 6 months after completion of the training (either NF training or AST) for the children with ADHD of our previous paper [12] . We hypothesised that behavioural improvements in the NF group remain stable and superior to those of the control group.
Materials and methods
Subjects 102 children with ADHD (8-12 years) participated in a NF training or an AST. Subjects were randomly assigned to one of the two study groups (ratio NF, control training = 3:2; see also Fig. 2 ). Eight children (NF, n = 5; AST, n = 3) discontinued the study due to immediate need for medical treatment (n = 3), organisational problems of the parents (n = 2), loss of motivation (n = 1) or protocol violation (n = 2). Sample size had been estimated a priori to be large enough to detect a medium effect size of about 0.5 with a power of 0.8 (one-sided, 0.05-level test). Table 1 summarises inter alia demographic, psychological and clinical variables of the children completing their training. Concerning these variables, there were no significant differences between NF group (n = 59) and control group (n = 35). 1 All patients fulfilled DSM-IV criteria for ADHD [1] . Diagnoses were based on a semi-structured clinical interview (CASCAP-D [6] ) and confirmed using the Diagnostic Checklist for Hyperkinetic Disorders/ADHD [7] by a child and adolescent psychiatrist or a clinical psychologist, supervised by a board-certified child and adolescent psychiatrist. With mean total FBB-HKS scores of about 1.5 (range 0-3; see Table 2 ), ADHD symptomatology was moderately pronounced in both training groups. Children with comorbid disorders other than conduct disorder, emotional disorders, tic disorder and dyslexia were excluded from the study. All children lacked gross neurological or other organic disorders. All children were drug-free for at least 6 weeks before starting the training and without concurring psychotherapy.
The study follows the CONSORT guidelines for randomised trials [5] . It was approved by the local ethics committees of the participating clinics and conducted according to the declaration of Helsinki. Assent was obtained from the children and written informed consent from their parents.
Design of the study
The design of the study is illustrated in Fig. 1 . NF and AST both consisted of 36 units of 50 min each. Both treatments were divided in two blocks of 18 units. These 18 units were combined in 9 sessions. These sessions took place two to three times a week. The NF training consisted of 1 block of 18 units of theta/beta training and 1 block of 18 units of SCP training (balanced order). For both NF and AST training, there was a break of 2-3 weeks between the two treatment blocks. The NF and the AST training were designed as similarly as possible concerning the setting and the demands upon the participants, e.g., both treatments encompassed attention demanding tasks on a computer (to a comparable amount, 25-30 min per training unit), acquirement of strategies for focussing attention, and efforts to transfer learned strategies into daily life [12] . Parents were not explicitly informed about the treatment condition of their child (NF vs. AST). 2 Parent ratings were assessed in the week before the training course started (pre-training), about 1 week after the last session of the first (intermediate 3 ) and second training block (post-training), respectively, and 6 months after the end of the training (follow-up).
In contrast to the other assessment points, neuropsychological/physiological data were not measured at follow-up.
Training programs

Neurofeedback
The NF system SAM (''self-regulation and attention management'') which was developed by our study group was used for NF training.
In theta/beta training, the task was to reduce theta and enhance beta activity. A bar on the left of the screen (representing theta activity) had to be reduced while simultaneously a bar on the right (representing beta The training (neurofeedback, NF; attention skills training) was divided into two blocks. Children of the NF group conducted theta/beta training in one block and SCP training in the other block (balanced order). Behavioural ratings used for follow-up evaluation were assessed before the training started, directly after the end of the training and 6 months after the end of the training 1 t tests were computed for age and IQ (|t(92)| \ 1.54), for all other variables v 2 tests were applied (v 2 \ 2.19). 2 At the post-training assessment, about 40% of the parents could not reliably quote treatment assignment of their child. The attitude of the parents in the two groups towards the treatment of their child and post hoc evaluation of the training did not differ (rated via ''placebo scales''). 3 These ratings will not be considered for the evaluation of follow-up results in this paper.
activity) had to be increased. In each unit, about five or six trials of 5 min each, or up to three trials of 10 min each, were performed. Baseline values of theta and beta activity were determined at the beginning of each session (3 min).
Children were instructed to reach a relaxed but attentive state and to find individual strategies to control the bars. In SCP training, the children had to generate negative or positive SCPs. They had to find appropriate strategies to direct a ball upwards (negativity trials) or downwards (positivity trials). Negativity (50%) and positivity trials (50%) were presented in random order. A trial lasted for 8 s (baseline period: 2 s, feedback period: 6 s). Children were instructed to reach an attentive (negativity trials) or relaxed state (positivity trials). In each SCP training unit, approximately 120 trials were performed, divided into 2-3 blocks of 40-60 trials in each treatment unit.
For both NF protocols, feedback was calculated from Cz (reference: mastoids, bandwidth: 1-30 Hz for theta/beta training and 0.01-30 Hz for SCP training, respectively, sampling rate: 250 Hz). Vertical eye movements, which were recorded with electrodes above and below the left eye, were corrected online using slightly different regression-based algorithms for theta/beta training [25] and SCP training [16] . For segments containing artefacts exceeding ±100 lV in the EEG channel and ±200 lV in the EOG channel, no feedback was calculated.
Transfer trials, i.e., trials without contingent feedback, were conducted about one-third at the beginning of a training block and about two-third at the end of a training block. These transfer trials, as well as homework, were intended to improve generalisation of treatment effects.
Attention skills training
The AST was based on ''Skillies'' (Auer-Verlag, Donauwörth, Germany), a German learning software programme which primarily exercises visual and auditory perception, vigilance, sustained attention, and reactivity. In ''Skillies'', the children had to sail to several islands. On each island, a clearly defined task-each requiring different attentionbased skills-had to be solved (for further information, see [12] ). The training was complemented by some selfdirected interventions from cognitive therapy to assure comparability to NF, i.e., the children were to compile (meta-)cognitive strategies such as focusing attention, careful processing of tasks and impulse control. Corresponding to the NF group, children of the AST group should practice their compiled strategies in daily life situations.
Behavioural assessment
The following questionnaires (assessed at pre-training, post-training and follow-up) were completed by parents to evaluate the follow-up results:
• German ADHD rating scale (FBB-HKS) [7] : The FBB-HKS is a 20-item questionnaire related to DSM-IV and ICD-10 criteria for ADHD and hyperkinetic disorders, frequently used in Germany in the evaluation of medical and cognitive behavioural treatment of ADHD (e.g. [27] ). The severity of each item is rated from 0 to 3. Outcome measures were the main FBB-HKS total score, i.e., the mean value of all items as well Data are presented for the children who had completed their training (''post-training sample'') and, separately, for the children for whom follow-up data were available (''follow-up sample''). At the pre-training level, there were no significant differences between the groups (neither for the post-training sample nor for the follow-up sample)
as subscores for inattention and hyperactivity/impulsivity. The FBB-HKS total score constituted the primary outcome measure of the study.
• German Rating Scale for Oppositional Defiant/Conduct Disorders (FBB-SSV) [7] : It is comprised of 25 items. The severity of each item is rated from 0 to 3. Outcome measures were the subscales oppositional behaviour (mean value of the first 9 items) and delinquent and physical aggression (mean value of the remaining 16 items).
• The Strength and Difficulties Questionnaire (SDQ, German version) [24, 33] is comprised of 25 items which address both positive and negative attributes. Each item is rated from 0 to 2. Outcome measures were the total difficulties score as well as the five subscales (emotional symptoms, conduct problems, hyperactivity, peer problems, prosocial behaviour).
• The Home Situations Questionnaire (HSQ, German version) [8] was used to assess behaviour problems of the child in specific home situations. The HSQ consists of 16 situations in which problematic child behaviour can occur. Parents rate whether the problem behaviour is present in that setting; if so, they rate its severity on a nine-point scale.
• Problem behaviour during homework was assessed using the Homework Problem Checklist (HPC, German version) [8] . This checklist consists of 20 items, rated on a four-point frequency scale.
Data analysis
Per-protocol analysis was conducted to avoid confounding the treatment effects with additional treatment. Children Only effect sizes (Cohen's d) C 0.3 are reported. All effect sizes refer to comparisons of the change scores (from pre-to post-training or from pre-training to follow-up) between the training groups. For comparison purposes, the pre-training and post-training measures of all children who had completed the training (''post-training sample'') are shown in the lower part (already reported in [12]) were classified as dropouts and excluded if they had started another treatment (e.g., medication, psychotherapy) or if questionnaires were not returned. Behavioural data were analysed in repeated-measures ANOVAs with between-subject factor GROUP (NF vs. control training), within-subject factor TIME (post-training, follow-up) using the baseline (pre-training) measure as a covariate. If NF training effects are still superior to the control training at follow-up, the ANOVA is expected to reveal a significant GROUP effect. If the difference between the two trainings becomes significantly greater or smaller, this effect is expected to be indicated by a significant GROUP 9 TIME interaction.
Effect sizes (Cohen's d) were calculated as the difference of the change of a measure from pre-training to an assessment point (post-training and follow-up, respectively) and the corresponding change score in the control group divided by the pooled standard deviations of these change scores. To compare the ratio of responders (C25% reduction of the primary outcome measure) in the NF group and the control group, the odds ratio was calculated.
Though limited by a smaller sample size, possible effects of the order of the NF training blocks were tested by comparing improvements in the FBB-HKS obtained at post-training and at follow-up (t tests).
Since there were about 35% dropouts (see ''Results''), we also tested for differences in the clinical (behavioural) data between the dropouts and the remaining children. We computed ANOVAs with between-subject factors GROUP (NF vs. control training) and DROPOUT (dropout vs. follow-up data available) and within-subject factor TIME (pre-training, post-training).
SPSS (v.16) was used for statistical analysis. For all statistical procedures, significance was assumed if p \ 0.05.
Results
Dropouts
17 children (NF group: n = 11, 18.6% 4 ; control group: n = 6, 17.1%) started a medication during the follow-up interval. None of the children started any other treatment. Parents of 16 children (NF group: n = 10, 16.9%; control group: n = 6, 17.1%) did not return the questionnaires. Thus, there were 33 dropouts with percentages of dropouts not differing between NF and control group (v 2 = 0.034, df = 2, n.s.).
Analysis of the training effects at 6-month follow-up encompassed 61 of the 94 children completing the training (NF group: n = 38, control group: n = 23; see also Fig. 2) .
Comparing the dropouts and the remaining children, dropouts were not characterised by significantly smaller training effects, i.e., no significant effect containing the factor TIME (pre-vs. post-training) was obtained in the repeated-measures ANOVAs. Dropouts tended to have higher FBB-HKS scores (FBB-HKS total score: factor DROPOUT: F(1,90) = 3.22; p \ 0.1; FBB-HKS Inattention subscale: F(1,90) = 3.18; p \ 0.1), mainly in the control group as indicated by a trend for the GROUP 9 DROPOUT interaction. For all other rating scales, no significant effect or trend containing the factor DROPOUT was obtained.
NF versus control training
Results are summarised in Table 2 . Ratings of the children for whom follow-up data were available (''followup sample'') are presented in the upper part. To facilitate comparison, the pre-training and post-training measures of all children who completed the treatment (''posttraining sample'') are shown in the lower part of Table 2 (already reported in [12] ). Only effect sizes C 0.3 are reported.
For the FBB-HKS total score (primary outcome measure), statistics revealed a significant GROUP effect (F(1,58) = 10.10; p \ 0.005) but no significant TIME (post-training vs. follow-up) (F(1,58) = 0.69; n.s.) or GROUP 9 TIME interaction effect (F(1,58) = 0.01; n.s.). Hence, NF training effects were still superior to the control training at follow-up (medium effect size of 0.71 for change measure from pre-training to follow-up).
Correspondingly, a significant GROUP effect for the FBB-HKS Inattention subscale (F(1,58) = 4.72; p \ 0.05) and a trend for the FBB-HKS Hyperactivity/Impulsivity subscale (F(1,58) = 3.45; p \ 0.1) were obtained. Reductions of inattention and hyperactivity/impulsivity at follow-up (compared to pre-training) were about 25-30% in the NF group compared to about 10-15% in the control group.
Concerning the FBB-SSV subscale Delinquent and Physical Aggression, the ANOVA yielded a trend for the factor GROUP (F(1,56) = 3.64; p \ 0.1) due to larger decreases in the NF group. Small to medium effect sizes were obtained at post-training and follow-up, respectively.
For the SDQ subscale Hyperactivity, a significant GROUP effect (F(1,57) = 5.49; p \ 0.05) indicated larger improvements for the NF group in comparison to the control group still evident at follow-up. While medium effect sizes were observed for this subscale, small effect sizes resulted for the SDQ total score. For the remaining SDQ subscales (not reported in Table 2 ), effect sizes were smaller than 0.3.
Concerning homework problems (HPC-D), the GROUP 9 TIME interaction turned out to be significant (F(1,54) = 4.18; p \ 0.05). Post hoc, we computed an ANOVA with the follow-up score as dependent variable, GROUP as between-subject factor and the pre-training score as covariate. For this analysis, a significant GROUP effect was found (F(1,54) = 5.48; p \ 0.05) indicating a larger positive effect concerning homework after NF training (compared to the control training) at follow-up (medium effect size of 0.60). Neither the decrease in NF group (F(1,32) = 1.56, n.s.) nor the increase in the control group from post-training to follow-up (F(1,32) = 0.02, n.s.) reached significance.
For the problem situations in family (HSQ-D) questionnaire, no significant effects were obtained.
Responder rate
In the follow-up sample, 50% (19 of 38) of the children of the NF group showed a reduction of 25% or more in the primary outcome measure at post-training and also 50% at follow-up. According to this criterion, 26.1% (6 of 23) of the children of the control group were responders at posttraining and 30.4% (7 of 23) at follow-up. Odds ratios were 2.83 (post-training) and 2.29 (follow-up) and, thus, in the same range as in the post-training sample (odds ratio: 2.68 [12] ) but failed to reach significance due to the smaller sample size (Fisher's exact test, one-sided: post-training: p = 0.06; follow-up: p = 0.11).
Order of NF protocols
For the follow-up sample, improvements in the FBB-HKS total score at post-training were non-significantly higher when theta/beta training preceded SCP training as compared to the reversed order of protocols (t(35) = -0.75, p = 0.46; d = 0.25). The effect size for the post-training sample had been 0.43 [12] . At follow-up, the improvements for both orders were nearly identical (t(35) = -0.04, p = 0.97; d = 0.01).
Discussion
The impact of a treatment significantly relies on the generalisation of treatment effects, which can be conceptualised as occurring across settings, behaviour variables and time [19] . This underlines the necessity to consider multiple indicators as well as to assess follow-up measurements concerning the stability of effects. In previous papers, we reported the immediate treatment effects of a NF training (theta/beta training and SCP training) compared to an AST on different outcome levels, encompassing behavioural and neurophysiological measures [12, 13, 32] . This paper deals with the 6-month follow-up analyses of the behavioural outcome. Since some children started medication, we conducted a per-protocol analysis in order to avoid confounding the treatment effect with medication effect. For 61 of the 94 children (ca. 65%) of this sample, 6-month follow-up data (parent ratings) could be analysed. On average, effects were sustained at follow-up and the effects in the NF group were still superior to those of the control group. For the total score of the German ADHD rating scale (primary outcome measure), a medium effect size was obtained. Further, effects were not restricted to core ADHD symptoms but could also be observed in other domains (homework situation, conduct disorder; small to medium effect sizes). Regarding order effects for the NF protocols, the tendency for larger improvements when theta/beta training preceded SCP training could not be confirmed in the follow-up sample. Since settings and demands for NF and the control training were comparable, these findings indicate that mainly specific effects accounted for the superiority of NF compared to the ASTs. Specificity of effects is further supported by associations between neurophysiological patterns and the outcome at the clinical (behavioural) level as reported in [13, 32] . For example, in theta/beta training, the decrease of theta activity in the resting EEG was associated with a decrease of the FBB-HKS total score [13] . Concerning SCP training, children with a higher CNV in an attention test at baseline showed larger improvements after the relatively short training block [32] .
On the other hand, partly due to the non-blind design, it cannot be ruled out that unspecific effects might have also contributed to the behavioural effects. 5 There was a relatively large number of dropouts, i.e., children who either started a medication or for whom no questionnaires were received, at follow-up (about 35%). However, dropouts were not characterised by a worse training outcome at the end of the training. These children (mainly in the control group) had slightly (but non-significantly) higher scores on the German ADHD rating scale already at the beginning of the training. In general, children for whom follow-up data were available could not be differentiated from dropouts with respect to behavioural or demographic characteristics. So, it seems unlikely that the follow-up results were strongly biased by the large portion of dropouts.
Findings are based on parent ratings only. At the posttraining assessment, for only about 70% of the children, ratings of the same teacher who had completed the pretraining questionnaires were available. Expecting further high dropout rates due to change of teachers and loss of motivation to complete the questionnaires, we decided not to include teacher ratings in the follow-up analysis. It can be questioned whether teacher ratings would have supported the follow-up results obtained from parent ratings. However, in [17] , parent and teacher ratings did not develop differentially from post-training to follow-up. In our study, comparable effects resulted for parent and teacher ratings at the post-training assessment [12] .
50% of the children completing the training were categorised as non-responders, according to a criterion of 25% reduction in the primary outcome measure. 11 out of 59 children of the NF group started a medication during the follow-up interval. Our study was not designed to achieve maximum NF training effects but had an arguably artificial scientific setting (e.g., separating theta/beta and SCP training in two separate, non-coordinated blocks). Nevertheless, the low responder rate and the portion of children starting a medication in our study argue against NF as a stand-alone intervention for children with ADHD. The results indicate that not every child with ADHD may improve after NF treatment. In our opinion, NF should rather be seen as a treatment module for children with ADHD which can be embedded in a multimodal treatment program tailored to the individual needs of a child.
Stability of training effects at follow-up refers to the mean scores of the NF group and naturally does not apply to all individuals within the group. In our design, we used a fixed number of training sessions. This was intended to standardise number of treatment sessions across all individuals. However, qualitative analyses of our data suggest that children vary in their abilities and speed to learn and apply NF techniques. One block of 18 units for a single protocol might have been too short at least in some children to build up stable regulation capability and to establish transfer into daily life sufficiently. Further research therefore would be required to determine the optimal NF protocol (or combination of protocols) and the adequate number of treatment sessions for a particular child.
Coming back to the long-term outcome, it could be helpful at least for some of the children to conduct further training sessions with longer intervals between the training session to sustain and consolidate regulation capabilities and the transfer into daily life, just as it is usually practiced in conventional cognitive-behaviour therapy. In this respect, the possible benefit of such booster sessions should also be investigated in further studies.
Conclusions
Behavioural effects of NF training were maintained in children with ADHD at 6-month follow-up, further supporting clinical efficacy of this neurobehavioral training. NF may be recommended as a treatment module for children with ADHD besides conventional behavioural trainings and medication. Future studies should systematically address how to optimise/individualise NF training and how to embed it in a multimodal treatment in children with ADHD.
